Background: Small fiber neuropathy (SFN) is a challenging subtype of peripheral neuropathies. Once the diagnosis has been established, there is an uncertainty how SFN may progress, whether larger fibers will become involved over time, whether quality of life may be compromised, or whether repeated diagnostic workup in patients with unknown underlying cause may increase the yield of treatable causes of SFN. Methods: We evaluated 16 patients with documented longtime course of idiopathic SFN. Results: Clinical and electrophysiological course remained stable in 75% of the patients, while 25% SFN-patients developed large fiber neuropathies. Conclusions: Our data suggest that SFN represents a benign disease course in the majority of patients without severely limiting the quality of life.
Introduction
Small fiber neuropathy (SFN) comprises a spectrum of peripheral painful neuropathic conditions characterized by the dysfunction of small caliber sensory and/or autonomic nerve fibers [1, 2] . Mutations of voltage-gated sodium channels in small caliber A-delta-and C-fibers are responsible for generating action potentials in the nociceptive pathway [3, 4] . This results in a dysbalance of axonal de-and regeneration. As these fibers transmit temperature sensation and contribute to mechanical nociception and regulation of the autonomic nervous system [5] , patients with SFN experience symptoms such as pain, burning, prickling, temperature disturbance perception, and/or autonomic symptoms. Usually, these symptoms are distributed in a length-dependent pattern, while a non-length (patchy) distribution or a pure autonomic neuropathy is rare [6] .
Small fibers can be early affected in several pathological circumstances such as metabolic or infectious dis-DOI: 10 .1159/000487717 eases or genetic disorders [7] . Thus, SFN can also represent an early stage of other neuropathies (e.g., diabetic neuropathy) with progression to large fiber neuropathy over time. If an underlying cause cannot be identified, the diagnosis of "idiopathic" SFN can be made. However, at the time point of diagnosis it may be difficult to distinguish "idiopathic" SFN from other neuropathies in which small fibers are also affected, whereas SFN can be excluded, when large fibers are involved as evidenced by pathological nerve conduction studies.
For the diagnosis of SFN, 2 of the following criteria are required: (a) typical clinical signs of small fiber affection, (b) reduced intraepidermal nerve fiber density, or (c) pathological quantitative sensory testing [8] . However, so far, generally accepted conclusive diagnostic criteria for the identification of affected small fibers have not been agreed upon [8, 9] .
The prevalence of idiopathic SFN without any underlying disease, which in the long run does not convert into a mixed neuropathy is not well known. The few available studies focusing on the time course of idiopathic SFN have described a stable disease for the majority of patients over shorter time periods ranging from 2 and 3 years [8, 10] .
Thus, SFN poses a significant challenge to clinicians and neurophysiologists not only with respect to establishing the diagnosis but also with regard to monitoring the clinical course. To answer the question how many SFN patients develop other neuropathies or diseases, we followed the long-term clinical course of idiopathic SFN patients.
Patients and Methods

Patients
A total of 16 patients diagnosed with SFN at the Department of Neurology and the Department of Neuropathology, University of Cologne, between 2008 and 2014 were recruited retrospectively by reviewing medical records. Diagnostic criteria for SFN were typical clinical symptoms (burning, pain, prickling sensations) and corresponding clinical findings (thermal sensory loss, pinprick sensory loss, hyperalgesia, paresthesia, autonomic symptoms), absence of electrophysiological features of motor and large fiber sensory damage, and skin biopsies confirming reduced density of intraepidermal nerve fibers according to the guidelines of the EFNS/ PNS [8, 11] .
All patients received extensive laboratory workup to exclude diabetes mellitus, human deficiency virus, Sjögren syndrome, systemic lupus erythematodes, rheumatoid arthritis, vasculitis, paraproteinemia, paraneoplastic syndromes, vitamin B12 deficiency, hypothyroidism, renal and hepatic dysfunction, and alcohol abuse. None of the patients had a family history of SFN or neuropathy, and no genetic data were obtained. To determine the patients' quality of life, we applied the "quality of life scale" from the American chronic pain association. This scale ranges from 0 to 10 (0 = non-functioning, 10 = normal quality of life) associated with functional ability [12] . Patients were requested to rate their quality of life.
As this study was designed as a long-time observation, a minimum of a 2 years follow-up was required.
Skin Biopsy and Neuropathology
Skin biopsy was performed as a minimum 4 × 4 mm punchbiopsy under lidocaine local anesthesia. Intraepidermal nerve fiber density (IENFD) was rated and evaluated according to the agedmatched EFNS-guidelines [11] .
Skin biopsies of the distal (10 cm proximal to the lateral malleolus) and proximal (20 cm distal to the iliac crest) lower extremity -the latter one serving as control were fixed in Zamboni's solution at room temperature for 48 h and stored in 10% sucrose solution at 4 ° C for 24 h. Afterwards, skin specimens were snap-frozen in isopentane (Fluka, Neu-Ulm, Germany), precooled in liquid N 2 . Fifty micrometer frozen sections were stained with H&E to ensure the presence of the dermal and epidermal layer. To identify intraepidermal nerve fibers (IENF) immunofluorescence with polyclonal rabbit anti-human PGP 9.5 antibody (DCS, Hamburg, Germany) detected by rabbit biotinylated immunoglobulin coupled with fluorescein isothiocyanate (Sigma, Deisenhofen, Germany) was applied. IENF identified as nerve fibers penetrating the basal membrane from the dermal to the epidermal layer were counted in at least 10 highpower fields. The density was calculated at 400× magnification and expressed as number of IENF per section length (IENF/mm) according to the EFNS guidelines [11] . At least 5 sections per sample were analyzed. Values below the 0.05 quantile values per age span for females and males as published in the EFNS guidelines [11] were considered pathologically decreased IENFD. Moreover, a normative set for immunofluorescent IENFD was applied [13] .
This retrospective study was approved by the institutional ethics board (15-315) and complied with all German federal and state laws.
Results
All 16 patients (12 females, 4 males, mean age 58 ± 12 years) presented with a combination of clinical symptoms. The majority (n = 8) initially presented with (thermal-) hypesthesia, burning sensations (n = 8), pain (n = 8), or reduced vibration sense (n = 8). Three patients reported prickling, one patient additionally complained of cramps. The observation period ranged from 2.5 to 14 years (mean 5.3 ± 3.2 years).
Skin biopsy of all patients revealed a pathological decrease of IENFD in the distal biopsy of the lower extremity as compared to the proximal biopsy (mean 2.0 nerve fibers/mm 2 ± 1.1 range 0.8-5; Fig. 1 the EFNS guidelines, these patients fulfilled the morphological criteria of SFN. Follow-up examinations including clinical, electrophysiological, and therapeutic data were performed in 12 patients (4 patients were lost for follow-up). Clinical and electrophysiological studies demonstrated that in 75% of the patients (9/12), clinical symptoms did not progress and larger caliber sensory or motor neurons remained unaffected. In 3 patients, follow-up examination showed pathological electrophysiological parameters, indicating that initially suspected idiopathic SFN had progressed or converted: one patient developed an idiopathic axonaldemyelinating sensorimotor neuropathy; in 2 patients, tibial-evoked potentials revealed pathologically increased latencies.
Six/nine patients with persisting SFN on follow-up examination were taking pain medication on a regular basis, whereas 3 patients did not require pharmacological treatment and had never been on any specific pain medication (Table 1) . Drugs against neuropathic pain (gabapentin, pregabalin) were taken by 4 subjects, while 2 patients were on other pain medication (ibuprofen, metamizole).
Regarding the subjects' self-estimation about their clinical symptoms, 4 out of 9 patients with persisting SFN reported worsening over time, while 5 patients estimated symptoms to be unchanged or improved (Table 1) . Two SFN patients reported improvement of symptoms upon increase of medication (gabapentin 1,200 mg/day increased to 1,600 mg/day) or spontaneously.
It is to be noted that 11 out of 12 patients did not report a limitation in their quality of life (rating 9 or 10), neither at the beginning nor during follow-up. One patient who felt significantly restricted (rating 7) attributed this limitation to arthritis. These findings were not gender-specific and independent from the kind of the reported clinical symptoms.
Discussion
Our study demonstrates that in a long-term course of idiopathic SFN, 75% of the patients remained stable, while 25% progressed to a neuropathy that affected even the fibers of larger caliber. These findings are in line with results of previous studies concerning the time course of SFN [8, 10] . Extending the observations of these studies, with a duration of 2 and 3.25 years, our considerably longer observation period indicates that SFN can be regarded as stable disease over a mean period of 5.3 ± 3.2 years (range 2.5-14 years).
This finding of a stable disease even over a long time period up to 14 years is reflected by the moderate doses of pain medication, the low impact of SFN on daily life, and the score addressing quality of life. Our SFN patients did not require high doses of medication against neuropathic pain. Rather, the majority of them did not even take any (specific) drugs to alleviate symptoms. Furthermore, they did not feel impaired in daily activities and SFN did not seem to reduce their quality of life.
Although the diagnosis of SFN is frequently made by exclusion, there are various diagnostic parameters supporting the diagnosis. Verifying a reduced IENFD via skin biopsy constitutes the "gold standard". Attempts to detect small fiber damage with specific tests as quantitative sensory testing or quantitative sudomotor axonal reflex would be preferable [9] but should not be used as the only diagnostic procedure to establish the diagnosis of SFN [9] . However, if this diagnosis is confirmed by skin biopsy, these tests are not mandatory. Moreover, since these tests are time consuming, they are usually not part of routine diagnostic procedures. We, therefore, suggest that a combination of the patients' history and complaints should foster electrophysiological studies to exclude large fiber neuropathy and involvement of long fiber tracts. These studies together with a reduced IENFD proven by skin biopsy are sufficient for the diagnosis of SFN. Existing guidelines currently offer no advice about how to handle follow-up examinations. Clinical examination and electrophysiological studies seem to be the most suitable method to distinguish between stable idiopathic SFN patients and those who develop other neuropathies. Lauria and coworkers suggested serial skin biopsies and showed that the regrowth rate of intraepidermal nerve fibers can be used as a marker for developing a peripheral neuropathy [11, 14] . For routine follow-up, we consider this too invasive, as the development of large fiber neuropathy can be detected applying electrophysiological studies.
Conclusion
The majority of patients with idiopathic SFN remain stable over a long time period in terms of clinical parameters, pain control, and daily living. In the future, larger prospective studies are required to detect the (genetic) cause of SFN and to monitor its clinical course. Reevaluation can be restricted to precise clinical and electrophysiological examination.
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